Introduction
Human vitamin D-binding protein (hDBP),' also known as Gcglobulin, is an abundant, multifunctional, and highly polymorphic serum glycoprotein synthesized by the liver (1) . DBP is the major serum transport protein for the vitamin D sterols (2) , binds and sequesters monomers of actin with high affinity (3, 4) , and has been identified on the surface of a variety of cell types including B-lymphocytes (5) , subpopulations of T-lymphocytes (6) , and the cytotrophoblasts of the placenta (7) . The physiologic importance of these functions and their possible interrelationships remains to be defined. As an initial step in the detailed study of this abundant serum protein, we have isolated a near full-length copy (cDNA) ofthe hDBP mRNA, determined the primary structure of the encoded protein, and detected a close evolutionary and genetic relationship between DBP and two other abundant serum proteins, albumin (ALB) and a-fetoprotein (AFP).
Methods
RNA isolation andgel analysis. Total cellular RNA was isolated by standard technique (8) from human liver obtained at autopsy, from fresh rat liver (Sprague-Dawley), and from Hep 3B cells (9) grown in monolayer culture. PolyA+ mRNA was isolated from the total RNA by oligo-dT chromtography (10) . The mRNAs were size-fractionated by electrophoresis through a 1% agarose-formaldehyde gel (I 1), transferred to nitrocellulose paper (12) , and hybridized at reduced stringency (370C with other conditions, as described in reference 12) to a nick-translated 32p_ labeled cDNA probe (13 (15) . This library was plated out on Y1090 bacteria and the plaques were screened by the method of Benton and Davis (16) . All positives were plaque-purified by serial platings at low dilution. cDNA inserts were restriction mapped from phage DNA isolated by a minilysates procedure ( 17 The predicted amino acid sequence of hDBP is displayed in the format originally proposed by J. R. Brown for albumin (30 To establish whether the cDNA displayed in Fig. 2 was fulllength, a 107 base-pair restriction fragment labeled at the EcoRI site (nucleotide 1 19 ) and extending to the Hinfl site (nucleotide 12) was isolated from the 5' end of the cDNA, and hybridized to human liver RNA. cDNA synthesis was extended with reverse transcriptase. The resultant cDNA, sized next to a DNA sequence ladder, extended 48 nucleotides 5' to the labeled fragment (data not shown). Thus the reported cDNA sequence begins 36 base pairs 3' to the mRNA cap site and the full-length hDBP mRNA is predicted to contain 1,690 nucleotides, excluding its polyA+ tail.
Discussion
The full-length primary sequence of hDBP, as displayed in Fig.  2 (27) . From this alignment we deduce that the coding region of prehDBP begins with a 16-amino-acid hydrophobic signal sequence. Human DBP is known to be glycosylated and the determined sequence contains one potential N-linked glycosylation site (Fig. 3, enclosed in rectangle) (29) using the cysteine residues as landmarks, revealed significant additional amino acid and nucleotide homologies ( Table I ). The similarities between these three molecules are so strong that hDBP can be easily displayed in the format proposed by J. R. Brown (30) for albumin (Fig. 3) . Human DBP terminates 123 amino acids before hALB or hAFP, and there is a rapid drift in the 3' untranslated region of hDBP compared with the continued coding regions of the other two mRNAs. Human DBP contains a unique tryptophan at position 145 not present in hALB, or hAFP. The glycosylation pattern of the three proteins appears to differ: the predicted glycosylation sites in hAFP are not conserved in hDBP, and hALB is not glycosylated at all.
The triplicated internal domain structure first noted in ALB and AFP is also present in hDBP (Table I) with the exception ofthe previously mentioned truncation within the third domain of hDBP. This suggests a common evolutionary origin of these three serum proteins from a precursor with a triplication of an original single domain. The hDBP gene may in fact be situated in close proximity to the hALB and hAFP genes. Previous studies of families with albumin mutations have documented a linkage of < 1.5 centimorgan map units between the hDBP and the hALB loci on human chromosome 4 in segment 4q 11-13 (31) (32) (33) (34) . This localization and linkage has been recently confirmed by in situ hybridization using the hDBP cDNA as probe ( data). Based upon the primary structural homologies at both mRNA and protein levels, the presumed similarities in the secondary structures indicated by strictly conserved placement of cysteine residues, and the linkage of the three encoding genes on chromosome 4, we conclude that DBP is a member of the gene family that encodes the other major serum proteins, ALB and AFP.
Note added in proof While this manuscript was in press, we learned of the work of Yang et al. (36) in which a DBP cDNA of the Gc2 type was characterized. Our sequence differs from theirs in positions 152, 31 1, 416, and 420. The latter two amino acids of our sequence are consistent with those reported in Gc by Svasti et al. (27) and suggest that our sequence represents the Gc' allele.
